Background: Prescription drug monitoring programs (PDMPs) are instrumental in controlling opioid misuse, but opioid users have increasingly shifted to cocaine, creating a different set of medical problems. While opioid use results in multiple medical comorbidities, findings of the existing studies reported single comorbidities rather than a set, and furthermore, those findings are often conflicting because of the lack of controlling for other substances in the analysis when combined use of substance creates synergistic effects. On the other hand, the findings from cocaine use are mainly related to kidney and heart problems, which lack specificity. Because medical comorbidities from opioid and cocaine use are very different, it is imperative to investigate medical comorbidities from opioids and cocaine in order to minimize negative effects from PDMPs. Therefore, this study attempts to discover sets of medical comorbidities from opioid and cocaine use by controlling for other substances in the analysis.
Introduction
Opioids, which have been widely misused, are the representative legal prescription drug for pain. The Substance Abuse and Mental Health Services Administration (SAMHSA) reported that 11.8 million people misuse opioids, 1 and prescription opioid overdoses almost quadrupled from 1999 to 2011: 1.4 deaths per 100000 people to 5.4 deaths per 100000 people. 2 In order to combat this problem, 49 states have implemented prescription drug monitoring programs (PDMPs) to control the misuse of opioids and other prescription drugs. 3 PDMPs are statewide electronic databases that store controlled drug dispensing information; this information is housed in regulatory, administrative, or law enforcement agencies. 3 Those agencies then distribute the collected data to authorized individuals; this data allows the authorized individuals to gain access to controlled substances for legitimate medical use. 3 Through the system, those individuals can check patient information and the exact number of drugs prescribed to the designated patient. Therefore, patients are prevented from doctor/pharmacy shopping. These programs have reduced prescription drugrelated deaths in several states of the United States including Oklahoma, Kentucky, Tennessee, and New York. 2, 4 As an example, after the implementation of the program, deaths from drug overdoses in Oklahoma fell by 8% from 2012 to 2016. 4 Furthermore, in Oklahoma prescriptions for controlled substances fell to 9.3 million in 2016, a 700000 decrease from 2013. 4 This example clearly shows the success of a PDMP in reducing prescribed drug misuse. Unfortunately, while PDMPs can control and reduce prescriptionrelated drug deaths, growing evidence shows that misusers of prescription opioids in Oklahoma are transitioning to illegal drugs. 5 In 2016, 40% of drug deaths were attributable to street-drugs. 5 This unfortunate trend is not limited to Oklahoma; it is occurring in every state as well. 6, 7 As such, PDMPs inadvertently increased the use of illegal drugs, such as cocaine. 8 Cocaine overdose deaths involving opioids sharply increased from 29.4% in 2000 to 63.0% in 2015. 9 Additionally, cocaine use disorder was a significant risk factor for both prescription opioid use disorder and heroin use. 10 The combination of opioid and heroin use may be attributable to users combining cocaine (stimulant) and heroin (depressant); this combination, which is referred to as a "speedball," is believed to cancel out the negative effects of each drug. 11 Speedball led to increased cocaine use following the implementation of PDMPs. Lab submittal cases for cocaine increased to 35.3% between the years 2016 and 2017. 8 Since users have the tendency to inject drugs, the use of illegal drugs leads to a different set of medical comorbidities, such as hepatitis C virus (HCV) and human immunodeficiency virus (HIV). 12, 13 As such, when PDMPs are implemented, it is imperative to understand medical comorbidities from illegal drug use, so serious negative consequences can be minimized.
The representative drugs selected for this research were based on impact and relevancy to current public health threats. First, opioids represent legal prescription drugs because of the national opioid epidemic and its effects. Second, cocaine represents illegal drugs in this research because of an increase in cocaine use and cocainerelated deaths following the implementation of PDMPs. Furthermore, cocaine use is the leading cause of drug misuse-related visits to emergency departments; 14 the use of cocaine accounts for 31% of all visits to the emergency department. 15 While medical comorbidities from opioid use have been reported, the findings have been inconsistent and often contradictory. 16 A few examples are high blood pressure (BP), high hemoglobin A1c (HbA1c), kidney problem, etc.; however, these findings are often conflicting: 17, 18 opioid use elevates, lowers, or has no impact on BP; 16, [19] [20] [21] opioid use elevates, lowers, or has no impact on HbA1c; [19] [20] [21] [22] opioid use elevates, lowers, or has no impact on body mass index (BMI); 17, 19, 20, 23 opioid use increases white blood cells (WBCs), platelet, neutrophil, and monocyte counts, while lymphocyte counts are significantly lowered, 24 while other studies found that opioids elevate WBC, lymphocytes, and red blood cells (RBCs). 25 Kidney damage is also reported due to elevated BPs. [26] [27] [28] These inconsistent findings may be derived from the lack of eliminating multiple drug use in the analysis. It is necessary to eliminate polydrug use in the analysis, as opioid users consume multiple substances: benzodiazepine (BZD) http://ahj.kmu.ac.ir, 07 October (53.4%), cocaine (30.0%), crack cocaine (18.9%), and heroin (8.7%). 6 Concomitant use of multiple substances can be deadly because of synergistic effects. 29 For example, concurrent use of opioids and BZD has the potential to increase the respiratory depressant effects of opioids; similarly, alcohol and opioids together increase respiratory depressant effects. 29 The combined use of cocaine and heroin (aka speedball) can result in high BP and strong or irregular heartbeat. 30 In addition to conflicting findings, it is unclear whether opioid use associates with one comorbidity or multiple comorbidities. More specifically, does opioid use cause high BP, high HbA1c, or both high BP and high HbA1c? Finding sets of comorbidities may assist evidence-based treatments as substance use is likely to cause multiple co-occurring medical comorbidities.
Like other drugs, cocaine is metabolized in the kidneys and liver, and thus cocaine damages both organs. 26, [31] [32] [33] Thus, cocaine users have problems including proteinuria, leukocytosis, elevated serum creatinine, and elevated creatine kinase (CK) levels. 34, 35 The damaged kidney cannot properly control BP or make erythropoietin (EPO), which is vital for RBC production; 36 damaged kidney, in turn, elevates BPs and lowers RBC. One study showed that eighty-nine percent (49/55 or 89%) of cocaine users had a diagnosis of hypertensive end-stage renal disease (ESRD), and cocaine users' estimated ESRD development time was much shorter than non-users. 37 In fact, cocaine use was the biggest medical problem among African American dialysis patients. 38 Cocaine-induced renal infarction can also result in fever and night sweats. 39, 40 As such, cocaine use should be considered as a cause of ESRD in patients without a clear cause for renal failure. 37 The kidneys and heart are also damaged by cocaine through coronary vasoconstriction, elevated BPs, and rhabdomyolysis. 33, 41 This increases myocardial oxygen demand by increasing heart rate and BP, decreasing oxygen supply via coronary vasoconstriction, and accelerating narrowing arteries while hardening them with plaque buildup on the artery wall. 15, 31, 42 As such, cocaine is the leading cause for drug misuse-related visits to emergency departments and most of them are due to cardiovascular problems. 14 As shown, findings from opioid studies are conflicting due to the lack of controlling for other substances in the analysis, and medical comorbidities from cocaine use lack specificity. Furthermore, opioid and/or cocaine use accompany multiple medical comorbidities. Therefore, the purposes of this research are as follows: first, identifying sets of medical comorbidities from sole opioid use; second, finding sets of medical comorbidities from sole cocaine use; and third, comparing significantly different medical comorbidities from opioid and cocaine use.
Methods
The data: The data was drawn from multiple hospitals in the United States. Data extraction was based on the International Classification of Diseases, 9 th Revision (ICD-9). The data for this research consisted of year 2012 patient records, which were retrieved in 2016. This data extraction strategy was chosen for two reasons: first, medical comorbidities from substance misuse, such as opioids, do not differ with or without diabetes, 17, 18, 43 and second, this strategy can prevent problems with model overfitting. If the total number of opioid and cocaine users were extracted, the number would be very large and would contribute to model overfitting.
The total number of retrieved diabetic patients' records (i.e., encounters) was 1038499. Among those records, only opioid user and outpatient records were filtered in, because opioids are legally used for pain control and inpatient opioid users will have many compounding factors such as surgeries or acute illness, and blood count will be influenced by their various procedures. The unit of analysis for association rule mining algorithm is transactions. 44 In this research context, the number of patients' hospital visits (not a unique patient) was the unit of analysis.
The following example provides context for this unit of analysis: if a patient visited the hospital five times in 2012, the patient's records would be five. The logic for this unit of analysis is that when a patient goes back to the hospital, one can expect the patient's health to be improved (or deteriorated); the changes of health may result in a different lab result; however, if the lab results are the same for different visits, the finding will be filtered out because of redundancy. Among outpatient records, the total number of visits was 563816. The number of opioid and cocaine user Addict Health, Autumn 2019; Vol 11, No 4 http://ahj.kmu.ac.ir, 07 October records totaled 21107: sole opioid users were 18046 and sole cocaine users were 3061. The combined users were not included in the analysis. All medical comorbidities in the database were included: a total of 1980 medical comorbidities. Opioid and cocaine use was based on urine tests at the time of the patients' hospital visits.
Association rule mining: Apriori association rule mining algorithm, a branch of data mining techniques, was the employed analytical strategy. This method is widely used when researchers attempt to discover a set of itemsets (comorbidity in this study) in a large dataset. 45 Often this method is referred to as market basket analysis, as it is widely used in the marketing field. 45 The following example illustrates the use of this method in marketing: marketers want to know what items customers are likely to co-purchase with milk. The expression for this association is written as {milk}  {bread, butter}, and it is referred to as one association rule. Note that this relationship is an association, not a causal relationship. Here, marketers may only be interested in frequently co-occurring items (e.g., bread and milk); co-occurrence is measured by support level. The marketers may want to validate the strength of the co-occurrence; strength is measured by confidence level. 44 An itemset is the collection of purchased items for a specific market visit. 44 For example, if a customer visited a market and bought beer, diapers, and milk, these three items would be referred to as a 3-itemset for the transaction.
This analytical strategy has been used for medical comorbidity studies. [46] [47] [48] This association rule strategy was applied to the current study to discover frequently co-appearing sets of medical comorbidities with opioid (or cocaine) use. As shown, apriori association rule mining uses support and confidence to filter frequently appearing candidate itemsets (comorbidities from opioid or cocaine). This is achieved through the following formulas:
N is the number of total transactions, X and Y are items, and σ is the sum. The support of an itemset measures the percentage of the transactions in the database that carries the itemset. The confidence of a rule measures between two frequent itemsets, X and Y, and the strength of rule is measured by the percentage of the transactions that contain X that also contain Y. 44 The following example contextualizes the use of support and confidence:
A database recorded the cases of different kinds of medical comorbidities from opioid use. Researchers set the minimum support at 20% and minimum confidence at 80%. If the discovered rule obtained from the association rule mining algorithm is (opioid use)  (high BP, high glucose), 20% of the cases recorded in the dataset contain both high BP and high glucose (support) with opioid use, and the probability to have high BP given high glucose (confidence) is a minimum of 80%.
This study further employed lift, the "interestedness" of a rule, to ensure validity of the finding. 45 Lift is the measure of how many times more often XX and YY occur together than would be expected if they were statistically independent. If the lift value is 1, items X and Y are independent (not associated); if the lift value is greater than 1, items X and Y have a positive association; and if the lift value is less than 1, items X and Y have a negative association. 45 For instance, if the finding includes (opioids) => (high BP, high glucose), the value of lift is "1," opioid use and high BP and high glucose are not associated. P represents percentage. The lift of X and Y can be measured by computing:
Analytical parameters: This dataset has 1980 possible medical comorbidities. The typical opioid user will have a very small fraction of medical comorbidities from those 1980; in other words, the support level is likely to be very low. Because data-driven research does not select variables based on hypothesis or pre-conceived knowledge in order to discover new knowledge, this strategy uses all the variables in the analysis. On the other hand, certain medical comorbidities associated with opioid use are highly likely to occur together (e.g., elevated BP); therefore, the confidence level can be set high. Accordingly, the pruning criterion for the confidence level is set to 80% and for the support level is 0.002%. Since the support level measures co-occurrence, it is common that the level is low when a lot of variables are in the analysis. 49 The pruning criteria of confidence and support levels can serve as validation. In addition to http://ahj.kmu.ac.ir, 07 October pruning association rules, this study added the value of lift, which measures the quality of the discovered association rules. In this study, all discovered rules for the lift values were positively high (i.e., over 10). As such, the report is not included in tables 1 and 2.
As noted, substance users tend to use multiple drugs. 26 If analysis is performed without eliminating multiple substances, the finding will be confounded due to additive and synergistic effects. As such, examination of substances commonly co-used with opioids and cocaine is required in order to identify comorbidities only from opioids or cocaine.
Eliminating polydrug in the analysis: In order to minimize the effects from combined use of opioid and cocaine, this manuscript split the cases to sole opioid and sole cocaine user groups and ran analysis separately. First, the opioid records showed that the most frequently co-occurring substances used with opioids were BZD (44.09%), marijuana (19.73%), cocaine (7.65%), and alcohol (7.55%). As such, records associated with these substances were removed from the analysis. Second, the cocaine group analysis showed that tobacco records occupied 13.46% and opioid records were 8.65%; therefore, those records were removed from the cocaine group. Eliminating those drugs were expected to minimize confounding effects from combined use of opioid and cocaine. Using the support of 0.002% and the confidence of 80%, 7 association rules were discovered for the opioid group and 10 association rules were discovered for the cocaine group. Table 1 shows the sets of medical comorbidities likely to co-occur with opioid use. Left-hand side (LHS) means that this analysis is used only for opioid records to discover associated medical comorbidities, which are displayed on the righthand side (RHS). The relationship between LHS and RHS is an association, not a causal relationship.
Results
Rule 1 indicates that individuals who use opioids are likely to have a set of [high diastolic BP (DBP), abnormal specific gravity], and its support level is 0.0071% and the confidence is 100%. As noted, support is extremely low because co-occurrence of [high DBP, abnormal specific gravity] out of the 1980 variables is low. When the creatine is less than 20, the lab automatically runs a specific gravity test as another measure of concentration. 50 If specific gravity is greater than 1.003 with creatine less than 20, it is reported as abnormal. 50 Rule 5 adds one more comorbidity, cough, to Rule 1. Coughing could be the result of opioids often being used to soothe coughing, 51, 52 or it could be the lack of oxygen due to kidney damage or reduced breathing. 53 This finding certainly addressed the conflicting findings of BPs. The use of opioids elevates BPs, but this study further discovered that it was DBP that caused more harm than systolic BP (SBP), in terms of accompanying other comorbidities.
Opioids must be excreted via the liver and kidneys; therefore, opioid users can experience organ damage. Rule 2 reveals that [low albumin, high lymphocyte, high BMI] are likely to co-occur. Low albumin could be a sign of liver and/or kidney issues, 54 and lymphocyte is a type of WBC that fights infection. Based on Rule 2, one can claim that the use of opioids is highly associated with kidney and liver diseases and high BMI. Rule 3 shows a set of [elevated HbA1c, cardiopulmonary] among opioid users. This discovered rule addresses the conflicting finding of HbA1c. The use of opioids elevates HbA1c. As such, the conflicting finding might have been attributed to multidrug synergistic effects. This rule additionally reveals that elevated HbA1c and cardiopulmonary are likely to co-occur among opioid users.
Kidney damage from opioid use is further evidenced by Rules 4 and 7, in addition to Rules 1 and 2, in that the damaged kidney cannot properly make EPO, which is vital for RBC and the lack of RBC will lower blood gas. High values of mean platelet volume (MPV) and abnormal urine analysis (UA) nitrate are observed among patients with chronic kidney disease (CKD). 55 Kidney problems can be blamed for these medical comorbidities appearing in Rules 4 and 7. Rule 6 shows that opioid users are likely to have a set of [low calcium, low high-density lipoprotein (HDL)]. This may be attributable to the fact that opioid users tend to have poor diets. 56 While studies tend to treat SBP and DBP as one BP measure, finding of this study shows that DBP is specifically the one that accompanies other comorbidities. Damage to the kidneys could be responsible for low red cell distribution width (RDW) and high lymphocytes, as such damage would hinder production of RBCs and WBCs. 38 The present study did not find "respiratory depression," which commonly occurs among heavy opioid users. This may be due to the dataset being composed of outpatients, whose opioid use may not be at critical levels.
Medical comorbidities from cocaine use: Cocaine, as the representative illegal drug, creates a unique set of medical comorbidities. Table 2 shows the discovered rules for the sets of medical comorbidities among cocaine users. As with opioids, cocaine is metabolized in the kidneys and liver, and the lung is the primary organ that processes cocaine. Accordingly, medical comorbidities will be associated with those organs.
The use of cocaine elevates BPs through coronary vasoconstriction and accelerated atherosclerosis which narrows and builds up plaque on the vessels. 57, 58 The narrowed vessels increase heart rate, cannot deliver oxygen sufficiently, and result in low carbon dioxide (CO 2 ). Also, the narrowed vessels will cause additional damage to the heart, liver, and kidneys. The act of smoking cocaine can exacerbate liver and lung problems. 31, 59 The discovered rules are consistent with major organ damage; however, these findings offer specific medical comorbidities. Frequently appearing medical comorbidities due to kidney diseases include high BUN, high anion gap, abnormal protein, and abnormal UA blood. The comorbidities due to heart-related problems are cardiopulmonary, high CK, high B-type natriuretic peptide (BNP), shortness of breath, low Hb, and low mean corpuscular hemoglobin concentration (MCHC). Low BUN may be due to liver problems. Elevated BP might be associated with heart and/or kidney problems.
In Rule 4 proposes that opioid users are likely to have a set of {low lymphocyte, neurological problems, abnormal UA blood}. While not many studies have reported neurological problems from cocaine use, one study reported correlations between long-term cocaine use and neurological alteration. 60 The present study found that neurological problems frequently co-occur with low lymphocyte and abnormal UA blood. Low lymphocytes indicate low WBC that fight infections among opioid users with neurological and kidney issues. Rule 5 proposes that the use of cocaine frequently causes a set of {low BUN, abnormal UA blood, high BNP}. Low BUN can be derived from protein malnutrition or liver problems; 54, 61 abnormal UA blood can be from liver and/or kidney problems, 62 and high BNP can be attributed to heart problems.
Rules 6 and 9 further give evidence to the relationship between the use of cocaine and kidney damages. Cocaine-induced renal infarction can cause night sweats. 39, 40 The sets of medical comorbidities discovered in Rules 7, 8, and 10 are associated with heart and kidney problems, which are highly correlated with elevated BPs. As noted, heart problems can increase oxygen demand by increasing heart rate and BP, 15, 41 which is captured in these three rules. Also, high anion gap can be derived from damaged kidney. 63 While existing studies reported organ damage from coronary vasoconstriction and associated medical comorbidities, this finding further identified specific medical comorbidities. Also, very few studies have reported low MCHC, night sweats, and neurological problems. Another finding, which differs from existing studies, is that elevated SBP and DBP have been inconsistent. For example, some studies reported that cocaine users had both elevated SBP and DBP compared to non-users, 57 while some other studies reported that only SBP was elevated with no significant difference with DBP between the control and cocaine-user groups. 58 The findings of the present study showed that the use of cocaine elevated BPs, but the medical comorbidities associated with DBP and SBP were different.
Discussion
The use of either opioids or cocaine harms organs; however, the sets of medical comorbidities from these legal and illegal drugs are very different. A notable difference between the two is that opioid users have high BMI and DBP, low HDL, and kidney-related diseases. These findings address some of the conflicting findings of existing studies such as elevated BPs, HbA1c, and BMI. Interestingly, the pruned rules did not include SBP. Some studies reported low HDL and low calcium, while others did not. The findings of this study showed that the use of opioids was associated with both low HDL and low calcium.
The use of cocaine clearly elevates BPs and shows strong evidence of damaging the major organs such as the kidney, heart, and liver, more so than the use of opioids. Also, elevated SBP and DBP accompany different medical comorbidities. Consequently, these two BPs should be investigated as different independent variables rather than treating as one BP.
Based on the findings, major organ damage from cocaine use is more serious than that of opioid use. One can surmise that this is because opioids are legal drugs and administered by doctors, while cocaine is an illegal drug that users take without supervision. Given the serious organ damage from cocaine use, it is important to consider the impacts of cocaine when it comes to enforcing PDMPs.
Conclusion
The findings of the current study contribute to the field in the following ways: first, by eliminating polydrug use in the analysis, this research attempted to discover medical comorbidities solely derived from opioid or cocaine use. The finding shows that opioid use is associated with elevated DBP and BMI, and lowered calcium and HDL. As such, existing studies' conflicting findings might have been attributed to the lack of eliminating multidrug use records in the analysis. For cocaine use, existing studies reported that cocaine use would damage the major organs. Indeed this study confirmed the claim, but further still this study discovered specific medical comorbidities associated with cocaine use and discovered that SBP and DBP were associated with different medical comorbidities; second, this study discovered frequently appearing sets of medical comorbidities, which could assist evidence-based treatment for simultaneously co-Addict Health, Autumn 2019; Vol 11, No 4 http://ahj.kmu.ac.ir, 07 October occurring medical comorbidities; and third, this research compared medical comorbidities derived from opioid and cocaine use; such comparison can assist policy makers by informing them about different sets of medical problems when PDMPs are enforced.
Limitations: The limitations of this study were as follows: first, this study chose the most popular legal and illegal drugs to compare medical comorbidities. Future studies are recommended to compare legal opioids with illegal opioids (e.g., heroin, fentanyl, other synthetic opioid drugs); second, this study used all population groups for analysis; however, different ethnic and socioeconomic groups differ in the amount and types of substances used, so the investigation of subgroup populations is recommended; third, this study's dataset was cross-sectional; some of the organ damage can take longer time to be associated with opioid (or cocaine) use. Also, some patients might have prior medical conditions. As such, it is recommended to use sequential association rule mining alongside association rule mining. 
